Strong evidence for the presence of a warped Keplerian accretion disc in NGC 4258 (M 106) has been inferred from the kinematics of water masers detected at sub-parsec scales. Assuming a power-law accretion disc and using constraints on the disc parameters derived from observational data, we have analyzed the relativistic BardeenPetterson effect driven by a Kerr black hole as the potential physical mechanism responsible for the disc warping. We found that the Bardeen-Petterson radius is comparable to or smaller than the inner radius of the maser disc (independent of the allowed value for the black hole spin parameter). Numerical simulations for a wide range of physical conditions have shown that the evolution of a misaligned disc due to the Bardeen-Petterson torques usually produces an inner flat disc and a warped transition region with a smooth gradient in the tilt and twist angles. Since this structure is similar to that seen in NGC 4258, we propose that the Bardeen-Petterson effect may be responsible for the disc warping in this galaxy. We estimated the time-scale necessary for the disc inside of the Bardeen-Petterson radius to align with the black hole's equator, as a function of the black hole spin. Our results show that the BardeenPetterson effect can align the disc within a few billion years in the case of NGC 4258. Finally, we show that if the observed curvature of the outer anomalous arms in the galactic disc of NGC 4258 is associated with the precession of its radio jet/counterjet, then the Bardeen-Petterson effect can provide the required precession period.
INTRODUCTION
The barred spiral galaxy NGC 4258, located at a distance of 7.2 ± 0.3 Mpc , presents a wellstudied active nuclear region, classified as a Seyfert 1.9, according to Ho et al. (1997) , with a warped sub-parsec Keplerian water maser accretion disc surrounding a supermassive black hole (Miyoshi et al. 1995; Herrnstein et al. 2005) . Neufeld & Maloney (1995) modelled the maser region as a warped viscous accretion disc that is illuminated obliquely by a central X-ray source, so that the disc heating is dominated by X-ray photons. They also suggested that the edges of the water maser region are determined by the thermodynamical conditions of the disc (and this has been corrobo-⋆ E-mail: anderson.caproni@unicsul.br rated recently by Herrnstein et al. 2005) . Low-energy X-rays from the galactic centre are absorbed by a hydrogen column density of approximately 10 23 cm −2 , providing indirect evidence that the warped accretion disc is the X-ray absorber in NGC 4258 (Fruscione et al. 2005 ).
High-resolution interferometric images at radio wavelengths show the presence of a compact jet (Herrnstein et al. 1997) , and of two radio spots located at 840 pc south and 1.7 kpc north from the nucleus and identified as bow shock counterparts of the jet-ambient interaction (Cecil et al. 2000) .
The maser disc, which extends roughly between 0.14 and 0.28 pc in relation to the nucleus , is counterrotating with respect to the galactic disc of the host galaxy, in which kilo-parsec anomalous arms have been detected at the Hα transition (Courtès & Cruvellier 1961 ) and later at radio to X-ray frequencies (e.g., Burbidge, Burbidge & Prendergast 1963; van der Kruit, Oort, & Mathewson 1972; van Albada & van der Hulst 1982; Cecil et al. 2000; Wilson, Yang & Cecil 2001) .
A detailed study of the kinematics of the maser spots conducted by Herrnstein et al. (2005) showed a deviation from Keplerian motion in their projected rotation curve of about 9 km s −1 . This deviation was successfully modeled as a Keplerian warped accretion disc, with a radial gradient in its inclination of approximately 0.034 mas −1 . Although the existence of a warped accretion disc in NGC 4258 seems to be the best explanation for the observational data, the nature of the physical mechanism responsible for producing such a structure has not been unambiguously established.
Tidal torques in a massive binary system were proposed by Papaloizou, Terquem & Lin (1998) as being responsible for the disc warping (in their model, the companion object has a mass comparable to that of the disc).
In addition, irradiation-driven torques produced by non-axisymmetric forces due to radiation pressure (Pringle 1996) were also invoked to explain the observed behaviour. As noted by Maloney, Begelman & Pringle (1996) and Maloney, Begelman & Nowak (1998) , if the accretion disc of NGC 4258 is radiatively inefficient (Lasota et al. 1996; Gammie, Narayan & Blandford 1999) , this mechanism cannot produce the inferred warp in NGC 4258, since the disc becomes radiatively unstable far from its maser region. If the disc is radiatively efficient but the shear acting vertically does not have the same value as the azimuthal shear, the critical radius beyond which the radiative instability acts will increase. For a viscosity parameter α 0.2 (Shakura & Sunyaev 1973) , the masing disc of NGC 4258 is stable against the radiation instability (Gammie, Narayan & Blandford 1999) .
In this work, we analyze an alternative mechanism that could warp the accretion disc of NGC 4258: the BardeenPetterson effect (Bardeen & Petterson 1975) , predicted in the framework of general relativity when the spin axis of a Kerr black hole is inclined in relation to the angular momentum vector of the disc. A brief description of the effect is presented in Section 2. In Section 3, we present our accretion disc model, introducing its basic parameters, as well as their values constrained by the observational data of NGC 4258. The Bardeen-Petterson radius and the alignment time-scale between the accretion disc and the spinning black hole, calculated in terms of the black hole spin and for different disc parameters, are presented in Section 4. The possible connection between the radio jet of NGC 4258 and the anomalous arms in the galactic disc is also discussed in Section 4 in terms of jet precession due to the Bardeen-Petterson effect. General conclusions are summarized in Section 5.
THE BARDEEN-PETTERSON EFFECT

The Bardeen-Petterson radius
Frame dragging produced by a Kerr black hole causes precession of a particle if its orbital plane is inclined in relation to the equatorial plane of the black hole. This effect, known as Lense-Thirring precession, has been mainly studied analytically and numerically in the context of quasi-periodic X-ray brightness oscillations in Xray binaries (Stella & Vietri 1998; Marković & Lamb 1998; . The precession angular velocity ΩLT due to the Lense-Thirring effect is given by (e.g., Wilkins 1972) :
where G is the gravitational constant, c is the speed of light, r is the distance from the black hole and JBH is the angular momentum of a Kerr black hole with mass MBH, which is defined as:
where a * (|a * | 1) is a dimensionless parameter corresponding to the ratio between the actual angular momentum of the black hole and its maximum possible value. The alignment between the angular momenta of the Kerr black hole and the accretion disc is forced by a combination between the Lense-Thirring effect and the internal viscosity of the accretion disc. This is known as the Bardeen-Petterson effect (Bardeen & Petterson 1975) and it tends to affect the innermost part of the disc due to the short range of the Lense-Thirring effect, while the disc's outer part tends to remain in its original configuration. The transition radius between these two regimes is known as the Bardeen-Petterson radius RBP and its exact location depends mainly on the physical properties of the accretion disc (Bardeen & Petterson 1975; Kumar & Pringle 1985; Scheuer & Feiler 1996; Ivanov & Illarianov 1997; Natarajan & Pringle 1998; Nelson & Papaloizou 2000; Lubow, Ogilvie & Pringle 2002; Fragile & Anninos 2005) . Basically, the Bardeen-Petterson radius is determined by comparing the time-scale related to the Lense-Thirring effect to that of warp transmission through the disc, giving:
or
depending on whether the warp propagation occurs diffusively (R diff BP ) or through waves (R w BP ). In equations (3) and (4), ν2 represents the viscosity along the normal to the accretion disc, and cs is the sound speed in the disc. Papaloizou & Lin (1995) showed that the transition from the diffusive to wave-like regime occurs at a radius RT ∼ H d /α, where H d is the scale-height of the disc and α is the dimensionless viscosity parameter introduced by Shakura & Sunyaev (1973) .
Alignment time-scale
The time-scale for alignment between the angular momenta of the black hole and the accretion disc was first estimated by Rees (1978) , assuming that each mass element accreted by the black hole carries an orbital angular momentum corresponding to that at the Bardeen-Petterson radius. Scheuer & Feiler (1996) obtained an analytic solution to the equations that control the warp evolution in the case of a disc with constant surface density and calculated the alignment time-scale. generalized the results found by Scheuer & Feiler (1996) to a power-law viscosity. These studies suggest that the alignment timescale can be estimated by:
where ϕ is the angle between the black hole spin axis and the direction perpendicular to the outer part of the warped disc. The time derivative of JBH has the form:
where L d is the angular momentum density of the accretion disc, given by:
where Ω d and Σ are respectively the angular velocity and the mass surface density of the accretion disc. The last quantity is obtained by integrating over the scale-height of the disc:
where ρ is the mass density of the disc and z is the perpendicular distance from the midplane of the disc. Note that the alignment torque depends on an integral that should be performed from the Bardeen-Petterson radius to the outer radius of the accretion disc. Although the last quantity is not known accurately in many cases (even in the case of NGC 4258), its precise value is not important for our calculations since the alignment torque decreases rapidly with distance for the realistic disc models considered in this work.
ACCRETION DISC OF NGC 4258
The examination of the viability of the Bardeen-Petterson effect requires some knowledge about the physical characteristics of the accretion disc (such as its viscosity, surface density and scale-height), as well as the mass and spin of the black hole. In this section, we will present our parametric accretion disc model for NGC 4258, using the available observational data to constrain the values of the parameters.
Parametric model for the accretion disc
We will consider an accretion disc with total mass M d . In the case of an axisymmetric disc, its total mass can be calculated through:
Here Rout is the outer radius of the accretion disc, while Rms = Ams(a * )Rg is the radius of the marginally stable orbit (assumed to be the inner radius of the disc), Rg = GMBH/c 2 is the gravitational radius, and Ams(a * ) =
and A2 = 3a
(e.g., Bardeen, Press & Teukolsky 1972) . In this case, the minus and plus signs correspond to prograde and retrograde motion, respectively. The scale-height of the disc H d can be estimated following Sakimoto & Coroniti (1981) 
where
and
This formulation takes into account possible effects related to self-gravity. In the case of NGC 4258, maser observations have shown that this effect is negligible (e.g., Herrnstein et al. 2005) , so that we will assume hereafter
The sound speed cs is given by (e.g., Abramowicz et al. 1988) :
where Γ is the politropic index of the gas, which we have taken to be equal to 5/3, and ν1 is the viscosity along the disc:
whereṀ is the accretion rate onto the black hole, assumed to be constant along the disc. The viscosity acting in the vertical direction, ν2, is written in terms of ν1 as ν2 ∼ f (α)ν1, where 1999) . If the warp propagates diffusively along the disc in the linear regime and α ≪ 1, we have f (α) ≈ 1/2α
2 (Papaloizou & Pringle 1983 ). Since f (α) is substantially greater than unity for the usual values of α, warping modes very effectively propagate inward the disc, where they are dissipated later. Note that in the strong non-linear regime (warps with very large amplitudes), additional dissipation caused by fluid instabilities might reduce f (α), so that ν2/ν1 ≈ 1 (Gammie et al. 2000) . Both possibilities were studied by Lodato & Pringle (2006) in their numerical simulations of the Bardeen-Petterson effect. In this work, we are assuming that the linear regime is applicable for the accretion disc of NGC 4258.
Constraining accretion disc model parameters
for NGC 4258 from maser observations
Mass of the black hole and accretion disc rotation law
The black hole mass in NGC 4258 has been determined from interferometric maser observations (Miyoshi et al. 1995; Herrnstein et al. 2005 ); we will adopt MBH = 3.78 × 10 7 M ⊙ , as inferred by Herrnstein et al. (2005) .
The rotation curve of the maser spots is compatible with Keplerian motions (e.g., Miyoshi et al. 1995; Herrnstein et al. 2005 ). Therefore, we will assume a (relativistic) Keplerian angular velocity ΩK for the accretion disc of the form: 
Surface density of the accretion disc
We have adopted a power-law radial distribution for the accretion disc surface density (e.g., Papaloizou & Terquem 1995; Larwood 1997; Nelson & Papaloizou 2000) ,
where Σ0 and s are constants to be determined from observations.
From the relation between mass and surface densities of the accretion disc (equation 8), Σ0 can be expressed through:
where ρ = µmHn, µ is the mean molecular weight, and mH is the mass of the hydrogen atom. The maser amplification is favoured when the particle density n ranges from 10 8 to 10 10 cm −3 (Elitzur 1992 ). Thus, for NGC 4258, this condition must be fulfilled. A statistical analysis of the vertical structure in the systemic masers of NGC 4258 has suggested that H d /r 0.002 . Taking into account this observational constraint, equation (17) provides an upper limit on Σ0, such that Σ max 0 (s) 1.85 × 10 −4 (r = 0.14 pc/Rg) 1−s g cm −2 , calculated at the inner radius of the maser disc for a particle density of 10 10 cm −3 . On the other hand, using equation (11) for the scaleheight of the disc, we obtain:
Using again the observational constraint H d /r 0.002 at r = 0.14 pc in equation (18), we obtain a lower limit for Σ0, denoted by Σ min 0 . Note that this equation was obtained under the assumption that viscosity is responsible for disc heating. However, the warped maser region is also heated by the X-ray continuum from the central source (Neufeld & Maloney 1995) , which increases the magnitude of the local sound speed relative to that calculated from equation (13). Consequently, it could change the value of Σ min 0 calculated via equation (18) . In this paper we will neglect the X-ray heating since The surface density at r = Rg for three different power-law dependencies of the disc surface density (s = −2, −1 and 0) and the accretion rate multiplied by the accretion efficiency as a function of the black hole spin. The gray areas show the range of parameters that obey the observational constraints. Lower panels: The alpha parameter and the bolometric luminosity in units of the Eddington limit as a function of the black hole spin (same nomenclature as in the previous panels is used).
its inclusion does not change substantially either our estimates of the Bardeen-Petterson radius or the associated alignment timescale. The use of an isothermal model as in Neufeld & Maloney (1995) would change the BardeenPetterson radius by a factor in a range of about 0.2 -2, while for the alignment timescale the correction would not be larger than a factor of two. From the upper limit of 10 6 M ⊙ for the disc mass inferred from the maser observations Herrnstein et al. 2005) , we can also establish a lower limit on s. Substituting the upper limit on Σ0 determined above into equation (9), we found that only for s −2.3 the upper limit on the the disc mass is satisfied. As an example, we present in Figure  1 the cumulative mass of the accretion disc as a function of radius, considering s = −2, −1 and 0. Note that this quantity resides below the observational upper limit for the disc mass of NGC 4258 in all three cases.
Accretion rate, viscosity and bolometric luminosity
The bolometric luminosity of a source is related to the mass accretion rate through:
is the accretion efficiency onto a Kerr black hole (e.g., Shapiro & Teukolsky 1983 
However, there is a more restrictive upper limit forṀ since the condition Σ 
which is compatible with the recent estimates obtained by Herrnstein et al. (2005) and Modjaz et al. (2005) , as well as with the accretion rate inferred previously by Neufeld & Maloney (1995) . It is important to emphasize that this limit does not depend on the value of the power-law index s.
On the other hand, the upper limit ofṀ obtained from equation (22) Regarding the black hole spin, the conditions α 0.2 and ǫα 0.011 are fulfilled only if a * −0.07 in equation (20), which might be suggesting that the supermassive black hole in NGC 4258 is rotating progradely in relation to its accretion disc unless it is spinning very slowly.
In Figure 2 we show the parameters Σ0, ǫṀ , α and L bol /L Edd , where L Edd is the Eddington luminosity, as a function of the black hole spin for s =-2, -1 and 0.
In Table 1 we summarize the physical parameters of NGC 4258 that will be used to analyze the feasibility of the Bardeen-Petterson effect in this particular source.
BARDEEN-PETTERSON EFFECT IN NGC 4258
Bardeen-Petterson radius
Considering the extreme values of Σ0, α andṀ for s = −2, −1 and 0 (see Figure 2) , we found in all cases that RT ≫ 10 7 Rms, much greater than the outer radius of the maser disc. Therefore, if our disc parameterization is correct, the accretion disc of NGC 4258 responds diffusively to the Bardeen-Petterson effect, which implies that we must use equation (3) to obtain RBP. As we mentioned in section 2, we are assuming that ν2 ∼ f (α)ν1; plugging it into equation (3), we were therefore able to determine the BardeenPetterson radius for each set of disc parameters.
In Figure 3 we show the Bardeen-Petterson radius as a function of the black hole spin for NGC 4258 for three different power-law surface mass density distribution (s = −2, −1 and 0). We have also considered four distinct cases related to different combinations among the parameters Σ0, α andṀ in order to produce the extreme values for RBP.
We can see that the values of the Bardeen-Petterson radius are comparable to or smaller than 0.14 pc, the inner radius of the maser disc inferred by Herrnstein et al. (2005) . At first glance, this result may be seen as arguing against the Bardeen-Petterson effect since the warp has been inferred observationally in the outer disc. However, numerical simulations of Bardeen-Petterson discs, for several distinct physical conditions, usually indicate a smooth transition between the inner (flat) Bardeen-Petterson disc and the outer (misaligned) disc, exhibiting a gradient in the inclination angle (Nelson & Papaloizou 2000; Fragile & Anninos 2005; Lodato & Pringle 2006) . Consequently, warping in the outer disc could be associated with the gradient in the disc tilt angle, produced by the transition between a Bardeen-Petterson disc, and a misaligned outer disc that includes the maser region.
Indeed, the best-fitting model for the maser kinematics is a warped disc with a radial inclination gradient . This model leads to a difference in inclination of about eight degrees between the inner and outer maser radius. Considering the full range of values for the Bardeen-Petterson radius displayed in Figure 3 , and extrapolating the inclination gradient to the inner disc, we have found a variation in the tilt angle at the BardeenPetterson radius and innermost part of the maser disc that ranges from four to eight degrees approximately.
Besides the warp in the tilt angle, there is also strong evidence that the maser disc of NGC 4258 is twisted azimuthally, in the sense that the position angle in the disc varies with the radial distance from the black hole (e.g., Herrnstein et al. 2005 and references therein). Indeed, Herrnstein et al. (2005) found that a variation of about 10
• in the warp position angle is sufficient to accommodate the observed maser kinematics. Assuming that the warping in the position angle is described by the quadratic function given by these authors, we find a variation of ∼ 17
• in this quantity from the inner maser radius to the extrapolated value at r ∼ 0 mas. Interestingly, a disc twisting of about 10
• is obtained if we consider the variation of the position angle from the core to the highest value of the BardeenPetterson radius calculated in this work. Cecil et al. (2000) and Wilson, Yang & Cecil (2001) proposed that jet precession by an angle of about 10
• can also reproduce the physical characteristics of the anomalous arms. The similarity between the required precession and warp position angle seems to suggest that they could be arising from the same physical mechanism. As we shall discuss in Section 4.3, the BardeenPetterson effect can provide the required jet precession in NGC 4258. We therefore propose the same mechanism to be responsible for the azimuthal twist of the disc.
The allowed range for RBP decreases for smaller values of the black hole spin, maintaining this trend even for retrograde cases (as a consequence of the more restrictive limits on the disc parameters in those cases).
Comparing the solutions represented by the full triangles and the full circles in Figure 3 , we can infer the influence of α on RBP. Fixing s and a * , the Bardeen-Petterson radius is larger when α is at maximum, increasing the coupling between consecutive disc annuli and consequently the efficiency of the Bardeen-Petterson effect. In fact, we can see from equation (3) 
Alignment time-scale due to the Bardeen-Petterson effect
In Figure 4 we present the alignment time-scale as a function of the black hole spin, calculated from equation (5). For a fixed set of disc parameters, we can see a clear anticorrelation between T align and s (in the sense that as s increases, the alignment time-scale becomes shorter), which is a consequence of the inertia of the disc (the disc mass inside the Bardeen-Petterson radius decreases as the value of s increases, as shown in Figure 1 ). The influence of α, Σ0 and Figure 3 , open circles correspond to the case of minimum value for Σ 0 andṀ , and α = 0.2, the maximum value considered in this work. Full circles represent the maximum value for Σ 0 and the minimum forṀ and α. Full triangles refer to the case of minimum value forṀ and maximum for Σ 0 and α, while open triangles represent the maximum for the three disc parameters.
M on the alignment timescale can be analysed (in a similar fashion to our discussion of the Bardeen-Petterson radius) by comparing the different symbols displayed in Figure 4 (
, for RBP ≫ Rg). Our results show that the Bardeen-Petterson effect acting upon the accretion disc of NGC 4258 leads to alignment time-scales which are typically in the range from 0.4 to 10 Gyr.
Anomalous arms and the radio jet of NGC 4258
The anomalous arms, observed from radio to X-ray wavelengths (e.g., Burbidge, Burbidge & Prendergast 1963; van der Kruit, Oort, & Mathewson 1972; Cecil et al. 2000; Wilson, Yang & Cecil 2001) , are strongly believed to lie in the galactic disc of NGC 4258 (e.g., van der Kruit 1974; van Albada & van der Hulst 1982; Wilson, Yang & Cecil 2001) , even though their nature has been related to the jet propagation through the disc in some cases (Ford et al. 1986; Martin et al. 1989; Cecil, Wilson & Tully 1992) . The anomalous arms are straight at the inner parts of the disc and show, after about 2 kpc, a gradual curvature in opposite directions in relation to the nuclear region, forming a S-shape structure. Wilson, Yang & Cecil (2001) performed a detailed study of NGC 4258, using high-resolution X-ray observations, correlating these data with radio and optical images obtained in previous works. They proposed that the anomalous arms are shocked regions produced by the interaction between the disc gas and the mass motions induced by the propagation of the radio jet/counterjet. In addition, they suggested two different scenarios for the curvature of the anomalous arms: jet precession, also proposed by Cecil et al. (2000) , or buoyancy of the less dense and less tightly bound gas in the outer galactic disc.
Here we shall assume that the curvature of the outer anomalous arms of NGC 4258 is driven by jet precession. From this assumption, we shall analyze the possibility that this precession is being produced by the Bardeen-Petterson effect.
The Bardeen-Petterson effect induces not only a disc alignment but also a precession around the rotation axis of the black hole (e.g., Scheuer & Feiler 1996; Caproni, Abraham & Mosquera Cuesta 2004 . Indeed, Scheuer & Feiler (1996) showed that the alignment and precession time-scales are identical, with the precession period varying exponentially with time:
where Pprec is the precession period after an elapsed time interval ∆t. The precession angle ∆ϑ as a function of ∆t and T align can be written as:
In order to be able to reproduce the physical characteristics of the anomalous arms, as well as the radio jet, it is necessary for the jet direction to change by ∼ 10
• (Cecil et al. 2000; Wilson, Yang & Cecil 2001) , which implies that ∆ϑ ≈ 10
• . Therefore, we can use equation (24) to estimate the time interval required to obtain a precession of the jet by ten degrees ∆t 10 deg , for each solution derived in the previous sections. The results are shown in Figure 5 .
We note that a time interval between 5 and 300 Myr is necessary for the jet to change its direction by ten degrees. Such time-scales seem to be feasible since they are similar to or shorter than the viscous time-scale at 0.14 pc (between 0.06 and 3 Gyr considering all combinations of the disc parameters used here). Therefore, the Bardeen-Petterson effect is an excellent candidate for driving the precession in NGC 4258.
CONCLUSIONS
In this work, we have analysed the viability of the BardeenPetterson effect as the mechanism responsible for the warping and precession of the disc of NGC 4258. Evidence for a warped accretion disc in this source comes from the kinematics of the water maser inferred from high-resolution observations (Miyoshi et al. 1995; Herrnstein et al. 2005 ). Precession of the radio jet/counterjet has been pointed as the potential reason for the curvature of the outer anomalous arms in the galactic disc of NGC 4258 (Cecil et al. 2000; Wilson, Yang & Cecil 2001) . Assuming a power-law surface density distribution for the accretion disc material, we used constraints inferred from observations and determined the acceptable ranges for the values of the accretion rate and the surface density at the inner radius of the disc. Our results also show a dependency of the black hole spin parameter on the power-law index of the surface density, such that a * cannot be smaller than about -0.07 if the observational constraints are to be obeyed.
We have calculated the Bardeen-Petterson radius for a variety of disc parameters and, in all cases, it is similar to or located inside of the inner radius of the maser disc. This argues for the existence of a Bardeen-Petterson disc in NGC 4258. Consequently, the observed warping may be interpreted as resulting from a gradient in the disc inclination angle due to the transition from an inner (flat) disc and a misaligned outer disc. All solutions lead to a timescale for the alignment between the accretion disc within the Bardeen-Petterson radius and the black hole's equator shorter than about 10 Gyr. The alignment time-scales obtained were generally longer than about 0.4 Gyr.
Assuming that the time evolution of the precession period follows the results obtained by Scheuer & Feiler (1996) , we calculated the time interval necessary for the accretion disc, and consequently for the jet/counterjet, to precess by an angle of ten degrees. This value is necessary to reproduce the curvature of the outer anomalous arms in the kiloparsec galactic disc of NGC 4258 if jet precession is responsible for it. We found that an interval between 5 and 300 Myr can make the jet to change its orientation by the required angle. This time-scale is shorter than the radial viscous time-scale calculated at 0.14 pc (between 0.06 and 3 Gyr, depending on the disc parameters), the inner radius of the maser disc. Given the similarity between the value of the jet precession angle and that of the twist of the azimuthal position angle inside the Bardeen-Petterson region of the disc, we suggest the possibility that both effects are associated with the same physical origin (frame-dragging by a Kerr black hole).
We conclude that the Bardeen-Petterson effect may explain the observations of NGC 4258 on both the sub-parsec and kiloparsec scales.
